Introduction
theory of sex ratio predicts that natural selection would favour the evolution of equal parental allocation of resources into male and female functions. Under this formulation, gonochorous animals and dioecious plants are expected to produce roughly equal numbers of sons and daughters, and cosexual species to invest the same amount of resources in male and female functions. More recently, theoretical models and empirical studies have shown that the allocation of resources to male vs. female function may be sensitive to some ecological or social conditions and respond to the relative gains possible through either sex function (Hamilton, 1967; Trivers & Willard, 1973; Charnov, 1979 Charnov, , 1982 Frank, 1990) . Skewed investments are expected: (i) when sex ratio at the population level deviates from parity causing frequency-dependent selection, (ii) when mating is nonrandom with respect to relatedness, (iii) when parents' condition affects the reproductive abilities of the offspring, and (iv) when the genes controlling sex allocation are not equally transmitted through each sexual function. In more general terms, a deviation from Fisherian (equal) sex allocation is expected when the fitness return on maternal investment is set by functions that differ in shape between the male and female functions (Charnov, 1979 (Charnov, , 1982 Frank, 1990; Campbell, 2000) . The expected direction of shift is towards that sex function which shows relatively larger reproductive gains (Charnov & Bull, 1977; Charnov, 1982; Frank, 1990) . A more complicated situation arises when these curves change in time or from place to place. Under these conditions natural selection should favour the evolution of the ability to alter the allocation to male vs. female function (facultative sex allocation) in response to particular environmental or life history situations (Charnov, 1982) .
The evolution of facultative manipulation of sex allocation depends on the ability of the parent to track the conditions (physiological, ecological or social) favouring skewed sex allocations, and on the mechanism controlling sex allocation (Charnov, 1982; Frank, 1990) . Studies on animal species have shown that maternal condition (Nager et al., 1999) , or the courtship experienced during the mating season (Olsson & Shine, 2001) , may influence the patterns of sex allocation to sons and daughters (for recent reviews see Ellegren & Sheldon, 1997; Oddie, 1998; Sheldon, 1998) . Haplodiploidy and paternal genome loss are perhaps the sex-determining mechanisms that allow the greatest flexibility in animals (Hamilton, 1967; Charnov, 1982; Varndell & Godfray, 1996) . Evidence of facultative adjustments also exists in species in which sex is chromosomally determined although the mechanisms remain controversial. Plant literature has plenty of examples showing that in many species sex allocation responds to environmental or intrinsic conditions varying as a function of age, size, herbivore damage, disease, weather, nutritional condition and light (Freeman et al., 1980 (Freeman et al., , 1981 Charnov, 1982; Cid-Benevento, 1987; Delph & Lloyd, 1991; Sakai & Weller, 1991; Wells & Lloyd, 1991; Klinkhamer et al., 1997; Lowenberg, 1997; McKone et al., 1998; de Jong et al., 1999) . Most of the studies have concentrated on sex-allocation shifts in response to environmentally induced variation in spatial or parental resources. As noted by Werren & Charnov (1978) temporal variation in the population operational sex ratio (OSR; defined as the number of sexually active males in relation to the number of receptive females at any given time, Emlen & Oring, 1977) , also produces a selective pressure favouring the evolution of facultative adjustments in the investment in male vs. the female function. Although examples of this phenomenon are known from the animal literature (reviewed in Olsson & Shine, 2001) and from some early studies in dioecious plants (Correns, 1928; Conn & Blum, 1981) , no experimental attempts have been made to determine whether cosexual plants are able to respond to the variation in OSR by modifying their patterns of sex allocation to male and female flowers. Most cosexual plants fulfil the conditions established by Werren & Charnov (1978) for facultative sex allocation to evolve (overlapping generations, different and unpredictable changes in reproductive gain expectations for the two sexes, and parental ability to vary sex allocation in response to perturbations). Moreover, Charnov (1982 Charnov ( , 1984 pointed out that the evolution of facultative sex allocation in dioecious and gonochorous (allocation to sons or daughters) or hermaphroditic (allocation to male vs. female function) organisms are theoretically equivalent. In addition, theoretical models predict that inbreeding should produce a reduced investment in the male function of species with facultative sex allocation regardless of whether we are dealing with animals (mating between close relatives) or plants (self-compatibility) (see Hamilton, 1967; Charnov, 1982; Karlin & Lessard, 1986; Frank, 1990) . Such a prediction has been supported in animals with facultative sex allocation in which an increase in the probability of sib mating (a form of inbreeding) produces a female-skewed progeny (Hamilton, 1967; Charnov, 1982; Godfray & Werren, 1996; Molbo & Parker, 1996) .
Thus, the absence of examples in plants may reflect the common view that these organisms are not able to track the changes in OSR. In spite of the fact that plants lack the sensory capacities characteristic of animals (but see Callaway, 2002 and references therein), there are other mechanisms that could allow plants to track the variation in their social environment (the population OSR). Here we test the hypothesis that plants could use pollination success (the amount of pollen grains received on stigma) as a measure of the variation in the population OSR. High levels of pollination success could be indicative of a male-biased OSR, and thus any tendency to invest in the female function should be favoured. However, a shortage of pollen could be interpreted as a female-biased OSR, thus favouring the investment in the male function. This mechanism was first proposed for animals in the Werren & Charnov's perturbation model (1978) , which suggests that a period of male rarity may induce a facultatively adjusted male-biased sex ratio.
There is already some evidence that plants may adjust their sex allocation patterns on the basis of the information provided by the fertilization success attained by their flowers. Early experiments with the dioecious Silene alba, Rumex acetosa (Correns, 1928) and R. hastatulus (Conn & Blum, 1981) , demonstrated that light pollen loads resulted in a progeny sex ratio of 1 : 1 and heavy loads produced a progeny skewed towards females. In Viola hirta (Redbo-Torstensson & Berg, 1995) and Oxalis acetosella (Berg & Redbo-Torstensson, 1998) , there was a negative relationship between the number of cleistogamous flowers and the fertilization success of the previous chasmogamous phase. As fertilization success of the outbreeding chasmogamous flowers is determined by the availability of pollen, the production of cleistogamous flowers could be interpreted as a response to the social environment (availability of matings) these plants face. Nonetheless, to our knowledge nobody has explored the possibility that plants respond to their social environment (defined as the OSR) by adjusting their patterns of sex allocation to male and female flowers. Monoecious species (individuals are characterized by the presence of both male and female flowers) are particularly useful to test this kind of hypothesis as male and female investments are separated in different flowers. Furthermore, although little is known about the sex allocation mechanisms of monoecious species (Dellaporta & Calderon-Urrea, 1993) , it is well known that plants with this reproductive system are capable of facultative adjustments in response to a variety of physical and biological stimuli (Freeman et al., 1980; Charnov, 1982; Cid-Benevento, 1987; Lowenberg, 1997) .
In this study, we use the monoecious perennial herb Begonia gracilis HBK (Begoniaceae) to test the hypothesis that plants may facultatively shift their sex allocation patterns in response to changes in the population OSR. We also tested whether these changes are consistent with the theoretical expectations derived from sex allocation theory. As OSR has a strong effect on the levels of pollination success in this species (Castillo, 1999; Castillo et al., 2002) , we used hand-pollination experiments in order to simulate three different levels of pollination intensity and looked for changes in the sex allocation patterns of plants under these treatments. Additionally, we wanted to control for two other factors that have the potential to affect the outcome of facultative sex allocation (Campbell, 2000) . Our hypothesis predicts that under conditions of abundant pollination, plants should produce more female flowers. As the production of a female flower is linked to future costs associated with fruit maturation, we included a fertilization treatment (fertilizer addition) to guarantee that the production of more flowers was not precluded by a shortage of resources. However, it has repeatedly been shown that inbreeding produces a reduced investment in male function in animals with facultative sex allocation (Hamilton, 1967; Charnov, 1982; Godfray & Werren, 1996; Molbo & Parker, 1996) , and because B. gracilis is a self-compatible species we tested whether or not the source of pollen (self and cross) affects the patterns of sex allocation.
Methods

Study species
The study was carried out in the Pedregal de San Angel ecological preserve, in Mexico City, where B. gracilis typically grows in discrete patches within more mesic gullies formed by lava. During the dry season, B. gracilis lacks aerial parts and individuals aestivate as subterranean corms. Growth is initiated in response to the first rains, and flowering takes place in early August to early October, 2-3 months after the onset of the rainy season. Begonia gracilis is a monopodial perennial herb that produces two or three initial vegetative nodes, followed by reproductive nodes each producing a single twoflowered inflorescence. Inflorescences are typically protandrous and plants produce an average of 9.7 (±0.35; mean ± 1 SE hereafter) flowers in a given reproductive season (Castillo, 1999) . Halictids are the main visitors to the female flowers of B. gracilis and they are probably the main pollen vectors of this species (Castillo, 1999; Castillo et al., 2002) .
As there is no synchronization among the inflorescences within a plant, the sex ratio of an individual depends on the timing of anthesis and on the longevity of individual flowers. Male flowers last longer than female flowers (4.9 ± 0.1 days, n ¼ 2821 vs. 3.6 ± 0.1 days, n ¼ 2379, respectively). Stigma receptivity and pollen viability diminish with flower age; the highest probability of set fruit occurs when female flowers are pollinated during the first day of anthesis with the pollen of a oneday old male flower (Castillo et al., 2002) . Begonia gracilis is self-compatible and depends on pollinators for pollen transfer and fruit production. Although B. gracilis is a self-compatible species, the foraging behaviour of pollinators suggests that most fruits are produced by outcross pollination. During a given foraging bout pollinators mostly visit very few flowers per plant (usually one), thus favouring the transfer of pollen between different individuals. Fruit-set under natural conditions is extremely low; only about 8% of the female flowers set fruit. Fruit-set increases by a factor of seven after hand pollination, indicating strong pollen limitation (Castillo et al., 2002) .
Previous studies have shown that the reproductive success of B. gracilis individuals is highly dependent on the population sex ratio (Castillo et al., 2002) . As B. gracilis is a deceit-pollinated species that only offers pollen as a reward for pollinators; male-biased populations produce the conditions maximizing reproductive success. Nonetheless, there is a strong heterogeneity among plants in their patterns of sex allocation. Although most individuals maintain a male-biased sex ratio throughout the reproductive season, other plants may show marked variations in their patterns of sex expression or even produce only female flowers (Castillo, 1999; Castillo et al., 2002) .
Facultative adjustment of sex allocation
To evaluate whether or not individuals of B. gracilis can 'estimate' the variation in OSR and respond by facultatively adjusting their patterns of sex allocation to male vs. female flowers, we designed a factorial experiment. We used three levels of pollination intensity, two levels of fertilization (with and without fertilizer) and two types of cross (self and cross) as factors in this experiment.
The plants used in these experiments were collected from the Pedregal preserve at the beginning of the growing season of July 1999, when they were just resuming growth after the dry season. Corms were planted in individual pots and maintained under greenhouse conditions (n ¼ 540 plants). Before the beginning of flowering, we randomly assigned 14 plants to each of 12 treatments (168 plants, three levels of pollination, two levels of fertilization, two types of cross and 14 replicates each). The remaining 372 plants were used as pollen donors. We added 1.2 g of a commercial fertilizer (Osmocote) to all plants assigned to the fertilizing treatment. Previous assays have demonstrated that the application of this fertilizer to B. gracilis individuals increases growth and fruit maturation. The position of each experimental plant within the greenhouse was randomly assigned and all plants were marked at the base of the first reproductive node with aluminium tags. This procedure allowed us to maintain a detailed record of the reproductive behaviour of each flower of every plant.
As the plants are hypothesized to 'estimate' the variation in OSR through the amount of pollen deposited on their stigmas, experimental plants were assigned to one of three treatments of pollination intensity (low, medium and high). The three levels of pollination intensity were established by pollinating each of the first three female flowers produced by the experimental plants with the pollen from one (low level treatment), eight (medium level treatment) or 16 (high level treatment) anthers from one male flower. As we always used 1-day-old male flowers as donors, most of the pollen were in the anther at the moment of hand pollination. Given that the number of anthers per male flower is 27 (±0.9, n ¼ 21), and the average number of ovules per female flower is 13 000 (±901, n ¼ 83), we are confident that our treatments produced different pollination intensities. Thus, by using the number of anthers we were able to standardize the amount of pollen deposited on each experimental stigma. The flowers used as pollen donors in the outcross treatment were randomly chosen from the remaining 372 potted plants. Once a plant was used as a pollen donor it was not used again. Given that B. gracilis is a protandrous species, male flowers were always available in the same plant for the self-pollination treatment.
Experimental hand pollinations were conducted from September 6 to 13, 1999. Depending on the treatment, we gently removed one, eight or 16 stamens from the selected male flower by using small scissors. The anthers were deposited on a clean microscope slide and cutting the anther wall we exposed pollen. All the pollen was collected with a fine paintbrush and then it was applied to the stigmatic surface. This procedure was repeated for all the experimental flowers (n ¼ 504 flowers). All hand pollinations were performed on the first day of anthesis for both the donor and the recipient flowers.
Statistical analyses
Given that we pollinated the first three female flowers of each plant and we were unable to control for the number of male flowers at the moment of hand pollination, the initial sex ratio differed among the experimental plants. In order to deal with this difficulty, we followed two procedures. First, because we hypothesized that the predicted responses to the variation in pollination intensity should be expressed in the fine-tuning of the sex of the forthcoming flowers, we focused our attention on the sex ratio [male flowers/(male + female flowers)] of the flowers produced after the application of the treatments. This variable was defined as adjusted sex ratio. Secondly, we accounted for the variation in the initial conditions by measuring the residuals resulting from a regression analysis between the initial sex ratio (the sex ratio at the moment of hand pollination) and the final sex ratio (estimated on the basis of the total number of flowers of each sex produced during the flowering season) for each plant. Residual values are the fraction of the variance in the final sex ratio not explained by the initial sex ratio, and thus they are a measure of the change in sex ratio independent of the initial conditions. This new variable was defined as sex allocation change. Residuals may take positive and negative values. A positive value indicates the production of male flowers, and thus a tendency to bias the sex ratio towards the male function. In contrast, the production of female flowers renders a negative residual, indicating a female bias.
The effects of pollination intensity, cross type, fertilization and their interactions on adjusted sex ratio and sex allocation change were evaluated by means of two independent factorial designs. As the error distribution of sex ratio is not normal, the factorial analysis of adjusted sex ratio and the regression between initial and final sex ratios were performed with the GLIM GLIM program using binomial error and logit as link function (Crawley, 1993) . Sex allocation change fulfilled all the ANOVA ANOVA assumptions, thus we used normal error and the identity function as the link function in this analysis (Crawley, 1993) .
We further analysed the consequences of the application of the experimental treatments on the production of fruits of hand-pollinated flowers by using GLI M GLIM and the same factorial design.
Results
Factorial analysis of deviance explained 11.4% of the variance in adjusted sex ratio. Pollination intensity was the only significant variable affecting the variance in adjusted sex ratio (Table 1) . Neither cross type, fertilization, nor their interactions had a significant effect. In accordance with our prediction, high levels of pollination produced a significant female-biased sex ratio adjustment (Fig. 1a) . In contrast, when plants were pollinated with low and medium pollen loads, they produced a malebiased sex ratio (Fig. 1a) . Analysis performed on sex allocation change produced similar results. There was a significant and linear relationship between the initial and final sex ratios (F 1,166 ¼ 71.8, P < 0.001). Initial sex ratio accounted for 30% of the variance in the final sex ratio. As revealed by factorial ANOVA ANOVA, the only significant variable affecting the variance in sex allocation change was pollination intensity (Table 1) . High levels of pollination produced a significant sex allocation change skewed towards the female function (negative). Plants under this treatment skewed their sex ratio towards the female function by almost 10% in relation to their initial sex ratio. Plants in the low and medium pollination intensity treatments produced a significant positive sex allocation change (Fig. 1b) . Thus, these plants showed a tendency to overproduce male flowers.
There were no significant differences among treatments in the average number of flowers per plant, neither at the moment of hand pollination [6.4 (±0.17), 6.5 (±0.16) and 6.4 (±0.17) flowers for the low, medium and high pollination intensity level treatments, respectively; F 2,165 ¼ 0.12, n.s.], nor in the number produced after the application of the experimental treatments [5.0 (±0.36), 4.8 (±0.36) and 5.0 (±0.4) flowers for the low, medium and high pollination intensity level treatments, respectively; F 2,165 ¼ 0.12, n.s.]. Consequently, the effects of pollination intensity on adjusted sex ratio and sex allocation change were due to the production of different proportions of each sex flowers among treatments. Plants in the low and medium pollination intensity treatments produced significantly more male flowers than those in the high intensity treatment (Kruskal-Wallis test, v 2 ¼ 8.46, P < 0.05), whereas plants pollinated with high pollen loads produced more female flowers than plants in the other two treatments (Kruskal-Wallis test, v 2 ¼ 6.66, P < 0.05) (Fig. 2) . Fruit production was significantly affected by pollination level, cross type, fertilization, and the interaction Fig. 1 Effects of the different pollination intensity treatments on adjusted sex ratio (a, dashed line represents equal allocation to male and female flowers), and on sex allocation change (b, the average change in sex ratio in relation to the initial sex ratio). When plants were exposed to relatively high levels of pollination intensity they responded by skewing their sex ratio towards the female function, whereas plants under low and intermediate levels of pollination intensity showed a significant bias towards the production of male flowers (mean ± SE). Facultative sex allocation in Begonia 1181 between cross type and pollination level (Table 1) . Plants in the low pollination intensity treatment produced fewer fruits than those in the other two treatments (Fig. 3a) . Fruit production was also higher in plants pollinated with cross pollen (Fig. 3b) , and in the fertilized ones (Fig. 3c) . As indicated by the interaction term (cross type · pollination level), plants in the low pollination intensity treatment produced fewer fruits than plants in any other treatment (Fig. 3d) .
Discussion
The results of our experiments in B. gracilis were in accordance with the theoretical expectations derived from Werren & Charnov's (1978) perturbation model. Low and intermediate pollen loads resulted in maleskewed sex ratios (and male-biased sex allocation changes), whereas plants that experienced a relatively pollen rich environment tended to produce a female-skewed sex ratio and a female-biased sex allocation change. The evolution of facultative sex allocation requires the ability to track changes in opportunities for successful reproduction through the male and female functions (Charnov, 1982) . Our experiments suggested that the individuals of B. gracilis might use the levels of pollination intensity experienced by their female flowers to track the opportunities for mating. Not only did plants respond to the different pollination intensities, they also changed their patterns of sex allocation towards the sex function with the highest expected reproductive gain. Interestingly, these changes were not a simple consequence of different pollen sources or resource availabilities, as their lack of significance indicates. We found no effect of cross type (cross and self pollen) on sex allocation to male or female flowers. An intriguing result, as theoretical models (Hamilton, 1967; Charnov, 1982; Frank, 1990 ) and empirical studies with animals (Godfray & Werren, 1996; Molbo & Parker, 1996) have shown that inbreeding produces a female-biased facultative sex allocation. Moreover, the female-skewed sex ratio (and sex allocation change) observed in the high pollination intensity treatment argues against an explanation based on resource limitation. Flowers in this treatment were pollinated with high pollen loads that resulted in the highest fruit-set observed in this study. As female flowers are heavier than males (Castillo, 1999) , and their production also involves the costs associated with fruit maturation, they are predicted to be more expensive for the plant. Under these circumstances a Fisherian argument would predict the production of more male (not female) flowers, as an excess of the cheaper sex is expected on the basis of equal allocation theory (Fisher, 1930; Charnov et al., 1976; Charnov, 1982; Frank, 1990) .
The above results suggest that instead of a response based on the effects of inbreeding or on the modification of the budget of resources produced by the different pollination intensities, the observed adjustments seem to directly respond to the stimulus produced by pollination intensity per se. This interpretation is in accordance with our observations that fecundity of B. gracilis is strongly pollinator limited, and that inbreeding depression was only apparent in combination with low pollen loads. Fruit-set increased 1.09 times after the addition of fertilizer, and it was 1.6 times higher in flowers pollinated with low loads of outcross pollen than in those selfpollinated. In contrast, previous experiments have shown that fruit production increases by a factor of seven after hand pollination (Castillo, 1999) . Overall, these results suggest that pollinators, more than the availability of resources or inbreeding, are the main factor limiting the reproductive success of this species. Under these circumstances, pollination intensity would be a better signal of the expected opportunities for reproduction because the available resources would rarely limit reproductive success. Our results suggest that plants could use pollination intensity as a measure of the opportunities for reproduction through the male and female function (the OSR of the population). The variation in pollination intensity in field conditions may be accounted for by at least two factors, the availability of pollen, and/or the availability of pollinators. The interaction between these two sources of variation makes of pollination intensity an asymmetrical estimator of the opportunities for successful reproduction through each sexual function. High levels of pollination intensity require both the presence of pollen donors and pollinators, and consequently they do reflect an ecological scenario favouring a female-skewed sex allocation. Conversely, low levels of pollination intensity are an unreliable estimator because they may be produced either by pollinator limitation (even in the presence of pollen donors), or by a shortage of pollen (a female-skewed OSR). The best strategy under these circumstances may be one in which the magnitude of the response is a function of the reliability of the information. Any indication of a shortage of pollen (the unreliable signal) should produce a 'prudent' response (i.e. no response at all or a slight change). Alternatively, because a high level of pollination intensity is an accurate indication of the abundance of both pollen and pollinators, plants are expected to produce a stronger response to this stimulus. Our observation of a stronger response in the high pollination intensity treatment is in accordance with this idea. The sex allocation changes produced by both the intermediate and the low pollination intensity treatments were relatively low and similar to each other, suggesting that plants require an intense stimulus to produce a female-skewed sex allocation change. Furthermore, although plants in both the intermediate and high pollination intensity treatments produced the same number of fruits, only those that experienced an intense stimulus (high pollination intensity) skewed their patterns of sex allocation towards female function. Apparently, plants in the high pollination treatment adjusted their patterns of sex allocation on the basis of the larger reproductive gains expected from investing in the female function in a pollen rich environment.
There are at least two possible mechanisms through which B. gracilis could adjust its patterns of sex allocation: by inducing the differentiation of buds of the preferred sex, or by arresting the development of already differentiated buds. Although the 3.5 (±0.06) days period we observed between the application of the experimental treatments and the anthesis of the first flower is long enough to induce the differentiation of new flowers (see Leins et al., 1988) , we think that the results of this study are better explained by the development arrest hypothesis. First, B. gracilis produces a single two flowered inflorescence on each reproductive node. Although such inflorescences have the potential to produce one flower of each sex, single flowered inflorescences are very common. Secondly, the sex allocation adjustment we observed in this study resulted from the production of sex-skewed single flowered inflorescences, suggesting that it is not possible for plants to produce two flowers of the same sex in a single inflorescence. These observations suggest that there is a developmental constraint (limitations on the set of possible developmental states and their morphological expressions; Arnold, 1992) preventing a response based on flower differentiation. This mechanism would allow plants to facultatively adjust their sex ratio and could prevent the wastage of resources in flowers with relatively low reproductive expectations.
Finally, it is worth considering the results of this study on the basis of the pollination biology of this species. It has been shown elsewhere that the reproductive success of B. gracilis individuals is highly dependent on the population sex ratio (Castillo et al., 2002) . As pollen is the only reward for pollinators in this species, pollinator visitation to female flowers depends on the presence of the rewarding male flowers. An experimental study showed that the average fruit-set was 2.5 times higher in male than in female-biased populations (Castillo et al., 2002) . Consequently, the observation that most of the plants maintain a male-skewed sex ratio throughout the flowering season was interpreted as the result of pollinator-mediated frequency-dependent selection (Castillo et al., 2002) . It is possible that the ability to facultatively adjust sex allocation is favoured by the population malebiased sex ratio that results from deceit pollination. In this species, an excess of male flowers is required to attract pollinators (Castillo et al., 2002) and most plants produce more male than female flowers. If the population bias were high enough to attract pollinators, a mutant individual that skewed its sex allocation to the production of female flowers would enjoy the benefits of being in a pollen rich population, and would reduce the costs associated with both the production of rewards and the negative effects of pollen competition (Bronstein, 2001) . Given that fruit production in natural populations of B. gracilis is very low, any mechanism enhancing the reproductive output would be favoured by natural selection. Obviously, the reproductive success of individuals producing a female-skewed sex ratio is expected to depend on the frequency of male flowers in the population (frequency-dependent selection), because in a less male-biased situation plants should compete with each other for the service of pollinators through the production of male flowers. Both our finding of a femaleskewed sex allocation change under a high pollination intensity treatment, and the low frequency of individuals with female-biased floral sex ratios (6.5%) in natural populations (Castillo, 1999) , are in accordance with this interpretation.
Our results indicate that plants are able to facultatively adjust their patterns of sex allocation in response to the variation in the levels of pollination intensity. Although many studies have recognized that plants have the ability to alter their patterns of sex allocation (Freeman et al., 1980; Charnov, 1982 Charnov, , 1984 Cid-Benevento, 1987; Lowenberg, 1997; Pannell, 1997) , most of them have emphasized the role of environmental variables and/or plant condition. The results of our experiments provide empirical evidence for a potential mechanism allowing plants to measure their social environment, and suggest that social interactions may play an important role in the evolution of the reproductive systems of plants.
